Introduction
Deletions at 22q11 (OMIM #188400, #192430, #217095) are associated with a wide range of developmental defects embraced by the acronym CATCH22, including DiGeorge syndrome, Shprintzen syndrome (velocardiofacial syndrome), and congenital heart disease. The DiGeorge syndrome critical region 2 gene (DGCR2, also referred to as IDD and LAN) is a putative membrane glycoprotein isolated from the vicinity of the t(2;22)(q14.1;q11.2) translocation breakpoint associated with DiGeorge syndrome (Budarf et al. 1995; Demczuk et al. 1995; Gong et al. 1996; Wadey et al. 1995) . In addition, the predicted amino acid sequence of DGCR2 revealed several structural domains such as a cysteine-rich repeat domain, a C-type lectin domain, and a transmembrane domain corresponding to those of mouse seizure-related gene, SEZ-12 (Kajiwara et al. 1996; Taylor et al. 1997) . These reports suggested that DGCR2 plays a crucial role in embryogenesis and that haploinsufficiency of this gene may be partly related to the etiology of DiGeorge syndrome. The gene spans approximately 96 kb of genomic DNA and is composed of ten exons; exon 1 includes the translation-initiation codon, and the stop codon is located in the last exon.
In this study, we report the construction of a fine-scale variation map of the entire DGCR2 gene region at 22q11, containing 102 SNPs, one dinucleotide polymorphism, and seven insertion/deletion polymorphisms in the Japanese population.
Materials and methods
Blood samples were obtained with written informed consent from 48 healthy Japanese volunteers for this study, which was approved by the ethical committee of the RIKEN SNP Research Center. We obtained genomic sequences containing the DGCR2 gene from the GenBank database (accession numbers L77570.1 and AC004461.3), and then designed primer sets to amplify the DGCR2 gene High-density single-nucleotide polymorphism (SNP) map in the 96-kb region containing the entire human DiGeorge syndrome critical region 2 (DGCR2) gene at 22q11.2
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Key words Single-nucleotide polymorphisms (SNPs) · High-density SNP map · Japanese population · Human DGCR2 gene · Coding SNPs · Nonsynonymous substitutions in its entirety and up to 2 kb upstream of the first exon and downstream of the last exon. A total of 41 211 bp (42.9%) in the 96 070-bp region of the DGCR2 gene was screened, except the regions containing repetitive sequences, which were predicted by the RepeatMasker Program. Each polymerase chain reaction (PCR) was carried out using 20 ng of DNA pooled from three individuals. Amplification of genomic DNA fragments by PCR and DNA sequencing of the amplified fragments was performed according to methods described previously (Ohnishi et al. 2000) . All variations detected by the PolyPhred computer program (Nickerson et al. 1997) were confirmed by sequencing both strands of each PCR product.
Results and discussion
A total of 102 SNPs were identified in the 96-kb region containing an entire DGCR2 gene: 9 in the 5Ј flanking regions, 3 in the 5Ј untranslated region, 2 in the coding regions, 77 in introns, 7 in the 3Ј untranslated region, and 4 in the 3Ј flanking region. The exon organization of the DGCR2 gene and the locations of identified SNPs are illustrated schematically in Fig. 1 (also see Table 1 ). The density of SNPs in the sequenced 41.2-kb region was 1 in 404 bp on average. By a comparison of our data with SNPs deposited in the dbSNP database in the National Center for Biotechnology Information, 80 SNPs (78.4%) were considered to be novel (Table 1 ). The frequencies of the substitutions were 38.2% for C/T, 37.2% for A/G, 6.9% for A/C, 6.9% for G/T, 5.9% for C/G, and 4.9% for A/T. The ratio of transition to transversion was 3.08 : 1. In general, the CpG dinucleotide is a hotspot for variation in vertebrate genomes and its variation rate is known to be 8.5 times higher than the average (Cooper et al. 1995) . Analysis of the nucleotide neighbors of the proposed variations reveals no bias for C/ T (G/A) substitutions to occur at CpG dinucleotides (37.7% of C/T [G/A] SNPs were at CpG dinucleotides). In addition, only 2 (1.96%) of the 102 SNPs were nonsynonymous substitutions; 1 is a 1324GϾA (G442S) in exon 9 and the other is a 1418TϾC substitution (V473A) in Table 1 . Continued Nucleotide numbering is according to the mutation nomenclature (Dunnen and Antonarakis 2000) exon 10. The SNPs are distributed nonrandomly, spanning the entire DGCR2 gene locus. The density of SNPs in the noncoding regions was found to be 50 times higher than that in the coding regions. Hence, it is suggested that DGCR2 is under huge selection pressure to conserve the sequence during evolution. It is noted that 9 SNPs within the 5Ј flanking region (putative promoter region) may affect the quantity of the gene product. We also identified a total of eight other types of variations at DGCR2 gene locus (Table 2) .
We present here 102 SNPs in the human DGCR2 region among 48 Japanese individuals. The SNP collection represents a useful resource for studies on susceptibility to common diseases mapped to this local segment on chromosome 22q11 and is adequate for experimental characterization of linkage disequilibrium and haplotype-based disease association.
